ABSTRACT 75Se-Labeled tRNAs were synthesized by Clostridium sticklandii cultures supplemented with 1 gM sodium [75Selselenite or F5Selselenocysteine. This process is highly specific for selenium; it occurred in the presence of 1.2 mM sodium sulfide and was not decreased by the further addition of a 500-fold molar excess of cysteine. The 75Se in these tRNAs was located in the polynucleotide portion of the molecules and not in esterified (alkali-labile) selenocysteine. Inhibition of cell multiplication by antibiotics that block either protein synthesis or DNA-dependent RNA synthesis did not prevent this 75Se incorporation. Three [75SeltRNAs were separated from C. sticklandii cells labeled in the presence of chloramphenicol and were partially purified by chromatography on benzoylated DEAEcellulose and DEAE-Sephadex A-50 columns. These were designated seleno-tRNAs I, II, and III according to their elution sequence from benzoylated DEAE-cellulose. Cochromatography of purified seleno-tRNA II on DEAE-Sephadex A-50 with an L-proline-accepting species suggests that it is a seleniumcontaining L-prolyl-tRNA.
Selenium has been shown to be an essential component of a member of enzymes, and in addition several selenoproteins of unknown function have been discovered (1, 2). In three of the selenoenzymes-glycine reductase (3), glutathione peroxidase (4), and formate dehydrogenase (5)-selenium occurs in the form of a specific selenocysteine residue in the polypeptide chain. The selenium analogs of methionine, S-adenosylmethionine, oxytocin, several sulfur-containing coenzymes, and various thiopurines and thiopyrimidines have been prepared in the laboratory or isolated from biological systems after incubation with radioactive selenium. However, the occurrence of these derivatives in the form of essential biological constituents produced in the cell by reactions highly specific for selenium is not established. In Escherichia coli it is known that selenium can be incorporated into tRNA (6, 7) , and a 5Se-labeled nucleoside that cochromatographed with 4-selenouridine was isolated from enzymic digests of 75Se-labeled tRNA.
In this case it was concluded that selenium incorporation had occurred by the known pathway of sulfur transfer to a specific uracil residue of E. coli tRNA (8) , with the result that some labeled 4-selenouracil was formed instead of the normal 4-thiouracil. However, no dilution effects of varying ratios of sulfur to selenium in the mediumr were reported. The sulfur transferase that catalyzes this reaction utilizes either cysteine or selenocysteine as donor with similar efficiency (M. Lipsett, personal communication), and thus if the observed 75Se labeling had occurred by this process it should have been markedly decreased by the addition of high levels of sulfur.
In the present study it was observed that selenium is incorporated into certain of the tRNAs of Clostridium sticklandii and a few other anaerobic bacteria by a process highly specific for selenium. This communication describes the partial purification of the three [75Se]tRNAs produced by C. sticklandii and the tentative identification of one of these as L-prolyltRNA. Methods. Cultures of C. sticklandii that had been allowed to attain maximum turbidity in a selenium-deficient complex medium (9, 10) were diluted into equal volumes of fresh media supplemented with Na275SeO3 or L-[75Selselenocystine (0.5-1 ,uM final concentrations). All cultures contained 1.2 mM sodium sulfide as reducing agent and in some instances cysteine (0.1-1 mM) also was added. Chloramphenicol (100 mg/liter final concentration) was added where indicated to prevent cell multiplication. Cultures were incubated anaerobically at 30°C or 350C for the times specified in the various experiments. Cells were collected by centrifugation and sonic extracts were prepared as described (9, 10) . Acidic proteins and tRNAs were separated from crude extracts by adsorption to DEAE-cellulose and elution with phosphate buffers containing 1 M NaCl. After concentration with ammonium sulfate, the 75Se-labeled fraction was subjected to molecular sieve chromatography on Bio-Gel P-30 polyacrylamide columns (Bio-Rad) (9) .
MATERIALS AND METHODS
For isolation purposes the 75Se-labeled tRNAs were extracted from cells or acidic protein fractions with phenol and purified by the procedure of Holley (11) modified to include chromatography on benzoylated DEAE-cellulose (12) and DEAESephadex A-50 (13) .
Amino acid acceptor activity of 75Se-labeled tRNA fractions was assayed by a filter paper disc method (14) after incubation with 3H-or 14C-labeled amino acids and a preparation of unfractionated E. coli aminoacyl-tRNA synthetases as described in the legend of Table 2 .
The biological activity of selenoprotein A was determined in the glycine reductase assay (10) . To avoid interference from 75Se, unlabeled glycine was used as substrate and acetate formation was estimated by subsequent reaction with acetate kinase. Selenoprotein A activity is expressed as arbitrary units based on a colorimetric assay of the amount of acethydroxamate formed (15) .
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RESULTS
Observations of an unknown selenium-containing macromolecule Selenoprotein A, one of the components of C. sticklandii glycine reductase, is a 12,000 dalton acidic protein that contains a single selenocysteine residue (3, 16 (9) and chromatographed on a polyacrylamide P-30 column (2.7 X 31 cm bed) equilibrated with 100 mM potassium phosphate, pH 7.2, containing 1 mM dithiothreitol. The breakthrough volume of this column was 35 ml, the brown ferredoxin band eluted in the fractions between 80 and 95 ml, and salt emerged after 130 ml. The peak of 75Se-labeled material in fractions 40-54 ml contained 1 eluted with a small volume of buffer containing 1 M NaCl. The NaCl eluate was rechromatographed on the polyacrylamide P-30 gel column described in the legend of Fig. 1 . The 75Se content of 100-ul aliquots of each fraction was measured and UV spectra of appropriate dilutions of the fractions were recorded between 240 and 350 nm. The fractions eluted between 50 and 60 ml exhibited a major absorbance peak at 257 nm and a low broad peak at 333 nm.
tration by adsorption to DEAE-cellulose, achieved further resolution from contaminating unlabeled protein that emerged at the front of the elution profile. The 75Se-containing fractions from this column (Fig. 3) exhibited high absorbance in the ultraviolet region with a maximum at 257 nm, and there was a constant ratio of 7TSe to A257 units in the fractions from the back of the peak. The electronic absorption spectra of these samples exhibited a second low maximum at 333 nm with a ratio of . The dialyzed sample (757 X 103 cpm, 31 A20 units) was applied to a DEAE-Sephadex A-50 column (1.6 X 90 cm) that had been equilibrated with buffer B. The column was eluted at 5VC by using a linear gradient of 510 ml of buffer B and 510 ml of 20 mM Tris-HCl at pH 7.5 containing 16 mM MgCl2, 1 mM dithiotreitol, and 0.525 M NaCl (buffer C) in the reservoir. Fractions (5 ml) were collected at a flow rate of 0.25 ml/min. Absorbance at 260 nm and 75Se were measured as described in the legend of Fig. 4 . The tRNA recovered in the radioactive fractions 135-150 contained 533 X 103 cpm and 16.8 A260 units. The L-[U-14C]proline acceptor activity of fractions of the labeled peak was assayed as described in the legend of Table 2. column profiles were pooled and extracted with phenol. After contained traces of seleno-tRNA II as the only radioactive ethanol precipitation and an additional fractionation by adcontaminant (data not shown). The limited distribution of 75Se sorption to DEAE-cellulose and elution with 1 M NaCl in 100 among the 260-nm-absorbing species separated by benzoylated mM Tris-HCl, pH 7.5, containing 1 mM dithiothreitol, the re-DEAE-cellulose chromatographed (Fig. 4) is indicative of the sulting 75Se-labeled mixture was chromatographed on a benrelative specificity of the observed selenium incorporation. zoylated DEAE-cellulose column (12) . Alternatively, fresh C.
To determine the amino acid acceptor activity of the selsticklandii cells that had been incubated with [75Sejselenite in eno-tRNA II fraction, samples from the DEAE-Sephadex A-50 the presence of chloramphenicol were extracted directly with column ( Fig. 5) were incubated with an E. coli aminoacylphenol and the 75Se-labeled bulk tRNA preparation was puritRNA synthetase preparation and appropriate mixtures of fied by the same procedure. A typical elution profile from a 3H-labeled amino acids plus the corresponding nonradioactive benzoylated DEAE-cellulose column is shown in Fig. 4 . The amino acids added individually. L-Proline proved to be the only three radioactive peaks of this profile were eluted in the graamino acid that was esterified to a significant extent, and the dient between 0.6 and 0.9 M NaCl and are designated selenodata of Table 2 show that omission of aminoacyl-tRNA syntRNA I, seleno-tRNA II, and seleno-tRNA III according to the thetase, seleno-tRNA II, or ATP from the reaction mixture alorder of their elution sequence from the column. most abolished L-proline acceptor activity. There was a linear The fractions corresponding to each of the three radioactive relationship between L-proline acceptor activity and amount peaks were pooled and further purified by chromatography on of purified seleno-tRNA II, in the range of 0.1-2 ,ug. Further-DEAE-Sephadex A-50. The seleno-tRNA II profile showed only more, the addition of a 565-fold molar excess of unlabeled Lone major 75Se peak, with two small shoulders at positions proline markedly decreased the amount of L-['4C]proline corresponding to seleno-tRNA I and III (Fig. 5) . Similarly, the bound. The low L-proline acceptor activity (97 pmol/A260 unit)
profiles of seleno-tRNA I and seleno-tRNA III indicated they of the preparation might be attributed to a number of factors, The complete reaction mixture (0.1 ml) contained 50 mM Tris-HCl at pH 7.5, 10 mM MgCl2 10 mM KCl, 2 mM ATP, 1 mM dithiothreitol, 3 .54 nmol of L-[U14C]proline (282 nCi/nmol), 0.0115 A260 unit of seleno-tRNA II, and 27 jg of E. coli aminoacyl-tRNA synthetase. After 10 min at 37°C, 70-,ul aliquots were assayed for 5% trichloroacetic acid-insoluble 14C (10) .
including use of a heterologous aminoacyl-tRNA synthetase preparation in addition to the impurity of the tRNA sample. The profiles of L-proline acceptor activity and of 75Se content of the seleno-tRNA peak in Fig. 5 were similar, and after further purification by rechromatography on a second DEAESephadex A-50 column the two profiles were coincident (Fig.   6B ). The A260 profile of the concentrated samples (Fig. 6B) , which is undoubtedly more accurate than that measured in the individual dilute samples (Fig. 6A) , indicates the presence of other unlabeled tRNA species in the fractions at the front of the peak.
DISCUSSION
More than 50 modified nucleosides have been identified in tRNAs, and most or perhaps all of these are formed by specific enzymes, each of which recognizes and reacts with a particular base in the parent polynucleotide (17) . Certain of the modified Proc. Natl. Acad. Sci. USA 77 (1980) Fig. 5 was dialyzed against buffer B and reapplied to a 1.6 X 23 cm DEAE-Sephadex A-S0 column, which was developed with a gradient consisting of 120 ml each of buffer B and buffer C as described for Fig. 5 . Absorbance at 260 nm and 75Se, determined in aliquots of the 1-ml fractions as described for Fig. 4 The amount of 75Se incorporated into the bulk tRNA from several different batches of selenium-deficient cells of C. sticklandii varied from 0.05 to 0.1 equivalent per mole of the average tRNA population. Subsequent chromatographic analysis showed this to be distributed among three readily separable tRNA species. Assuming these represent 3 of the 20 different amino acid tRNAs, it is likely that minor isoaccepting species account for the total selenium that is present. One of the three labeled fractions, designated seleno-tRNA II, cochromatographed with prolyl-tRNA during subsequent purification steps, and at the state of purity shown in Fig. 5 the peak fractions contained 0.17 nmol of selenium per nmol of tRNA. For this calculation one A260 unit was assumed to be equivalent to 1.66 nmol of tRNA (20) and the specific radioactivity of the 7TSe administered to the culture was used. This should be a minimal value in view of the fact that the contribution of unlabeled selenium in the initial selenium-deficient culture was ignored in the calculation. If C. sticklandii, like E. coli, contains multiple isoaccepting prolyl-tRNA species, the occurrence of selenium in at least 17% of the tRNA molecules of the impure L-proline-accepting fractions could be equivalent to one seleno-base per mole of one isoaccepting species. Further purification of the C. sticklandii seleno-tRNAs by reversed-phase chromatography (21) 
